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(54) Inertia charge intake manifold for multi-cylinder internal combustion engine and connecting 
method for branch pipes of intake manifold 

(57) An inertia charge intake manifold (8) is associ- 
ated with an internal combustion engine (1) having a 
plurality of cylinders. The intake manifold (8) includes a 
plurality of elongated separate branch pipes (11-14) 
each corresponding to a respective one of the cylinders. 
The intake manifold (8) also includes a common flange 
(15) for connecting a first end (1 1a-14a) of each branch 
pipe (11-14) to the internal combustion engine (1). The 
common flange (15) has a first surface attached to the 
internal combustion engine (1). Further, the intake man- 
ifold (8) includes a surge tank (10) to which a second 
end (11b-14b) of each branch pipe (11-14) is con- 
nected. The common flange (15), the surge tank (10) 
and each branch pipe (11-14) are made of a hard ther- 
moplastic synthetic resin. The common flange (15) is 

integrally connected to the surge tank (10). _ 

(11b) (12) 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

[0001 ] The present invention relates to an intake man- 
ifold in a multi-cylinder internal combustion engine 
wherein the manifold is designed to super-charge an 
air-fuel mixture by an inertia effect. The present inven- 
tion also relates to a connecting method for branch 
pipes of such an intake manifold. 

2. Description of the Related Art: 

[0002] An inertia charge intake manifold includes a 
surge tank and a plurality of branch pipes for connecting 
the surge tank to the cylinder head of a multi-cylinder 
internal combustion engine. Each of the branch pipes 
needs to be relatively long for utilizing the inertia effect 
of the gas flow for supercharging. Further, all of the 
branch pipes need to be substantially equal in length for 
equalizing the inertia effect within the respective branch 
pipes. 

[0003] JP-U-1(1989)-99965 discloses an inertia 
charge intake manifold which is made of a metal such 
as aluminum or suitable alloy. The intake manifold 
includes a surge tank located remote from the cylinder 
head of a multi-cylinder internal combustion engine, and 
a plurality of relatively long branch pipes connecting the 
surge tank to the cylinder head. The surge tank is 
located remote from the cylinder head to provide a long 
path for arranging the relatively long branch pipes with- 
out sharply bending. 

[0004] However, since the surge tank is located 
remote from the cylinder head, the engine combined 
with the intake manifold becomes inevitably bulky. Fur- 
ther, difficulty arises in supporting the surge tank on the 
engine particularly in view of the fact that the surge tank 
itself must support other intake components such as a 
throttle body or carburetor which is relatively heavy. 
Indeed, a large tough support bracket is necessary for 
this purpose, which results in an increase of cost and 
weight. Still further, since the conventional manifold is 
made of aluminum for example, the branch pipes tend 
to have rather rough inner surfaces which may cause 
the flow resistance within the branch pipes to become 
unfavorably high. 

SUMMARY OF THE INVENTION 

[0005] It is, therefore, an object of the present inven- 
tion to provide an intake manifold which is capable of 
eliminating or at least reducing the problems of the prior 
art described above. 

[0006] Another object of the present invention is to 
provide a method of connecting the branch pipes of an 
intake manifold to a surge tank or to a common flange. 


[0007] According to the present invention, there is pro- 
vided an inertia charge intake manifold in an internal 
combustion engine having a plurality of cylinders. The 
intake manifold includes: 

5 

elongated separate branch pipes each correspond- 
ing to a respective one of the cylinders; 
a common flange for connecting a first end of each 
branch pipe to the internal combustion engine; and 

10 a surge tank to which a second end of said each 
branch pipe is connected; characterised 
that the common flange, the surge tank and said 
each branch pipe are made of a hard thermoplastic 
synthetic resin, the common flange being integrally 

15 connected to the surge tank. 

[0008] In the above arrangement, since the common 
flange and the surge tank are integrally connected to 
each other, the surge tank is directly supported by the 
20 common flange. Thus, the intake manifold as a whole 
can be reduced in size, as compared with the conven- 
tional intake manifold. 

[0009] Further, according to the above arrangement, 
the overall weight of the intake manifold is advanta- 

25 geously reduced, since the common flange, the surge 
tank and the respective branch pipes are made of a 
resin material. In addition, with the use of a resin mate- 
rial, the inner surfaces of the respective branch pipes 
can be rendered smoother than is conventionally possi- 

30 ble, thereby reducing the flow resistance within each 
branch pipe. 

[0010] According to a preferred embodiment, the 
surge tank may have an external side surface, and the 
common flange may be arranged to extend generally in 

35 parallel to the external side surface of the surge tank. 
[0011] With such an arrangement, the connection 
area between the surge tank and the common flange 
can be rendered comparatively large. In this manner, it 
is possible to increase the strength by which these two 

40 members are bonded to each other. 

[0012] Preferably, said each branch pipe may be bent 
so that the first end is horizontally oriented and the sec- 
ond end is upwardly oriented. The horizontally-oriented 
first end may be fitted into a connecting bore formed in 

45 the common flange, while the upwardly oriented second 
end may be fitted into a receiving bore formed in an 
underside surface of the surge tank. 
[001 3] With such an arrangement, each branch pipe 
can hold on to the common flange and the surge tank 

50 without using fixing means such as an adhesive. 

[0014] Preferably, the first end of said each branch 
pipe may be integrally formed with a cylindrical protru- 
sion which is nonremovably fitted into a connecting bore 
formed in the common flange. The common flange may 

55 be provided with a connection surface attached to the 
internal combustion engine. The connection surface 
may be provided with a circular hollow portion extending 
around the cylindrical protrusion of said each branch 
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pipe. The circular hollow portion may be arranged to 
accommodate a ring-shaped sealing member in a man- 
ner such that the sealing member partially projects 
beyond the connection surface of the common flange. 
[0015] Advantageously, the first end of said each 5 
branch pipe may be provided with a brim coming into 
contact with the common flange. 
[0016] According to a second aspect of the present 
invention, there is provided a method of connecting an 
end of a branch pipe of an intake manifold to another w 
member of the intake manifold, wherein the branch pipe 
and said another member are made of a hard thermo- 
plastic synthetic resin. The method is characterised by 
including the steps of: 

15 

providing the end of the branch pipe with a flat end 
surface which is generally perpendicular to an axis 
of the end of the branch pipe; 
providing said another member with a connecting 
surface for fixing the flat end surface; 20 
forming a ring-shaped protrusion on at least one of 
the flat end surface and the connecting surface; 
arranging a heating wire around the ring-shaped 
protrusion; 

causing the flat end surface and the connecting sur- 25 
face to be pressed against each other; and 
applying a voltage across the heating wire. 

[0017] The above method may further comprise the 
step of arranging a ring-shaped seal member made of 30 
an elastic material between the ring-shaped protrusion 
and the heating wire. In this method, the voltage apply- 
ing step may be performed when the seal member is 
pressed. 

[0018] According to a third aspect of the present 35 
invention, there is provided a method of connecting an 
end of a branch pipe of an intake manifold to another 
member of the intake manifold, wherein the branch pipe 
and said another member are made of a hard thermo- 
plastic synthetic resin. The method Is characterised by 40 
including the steps of: 

providing said another member with a connecting 
bore; 

providing the end of the branch pipe with a cylindri- 45 
cal protrusion to be inserted into the connecting 
bore and with a brim Integral with the cylindrical 
protrusion: 

arranging a heating wire circumferentially of the 
connecting bore; so 
inserting the cylindrical protrusion into the connect- 
ing bore so that the heating wire is located adjacent 
to a boundary between the cylindrical protrusion 
and the brim of the branch pipe; 

causing the brim of the branch pipe and said 55 
another member to be pressed against each other; 
and 

applying a voltage across the heating wire. 


[0019] The present invention will now be described 
further, by way of example, on the basis of the preferred 
embodiment given with reference to the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] In the accompanying drawings: 

Fig. 1 is a plan view showing a multi-cylinder inter- 
nal combustion engine provided with an inertia 
charge Intake manifold embodying the present 
invention; 

Fig. 2 Is a side view showing the same intake man- 
ifold as seen in the direction of arrows 11-11 in Fig. 1 ; 
Fig. 3 is a fragmentary side view showing principal 
portions of the same intake manifold as seen in the 
direction of arrows Ill-Ill in Fig. 1 ; 
Fig. 4 is an exploded view showing the principal 
portions of Fig. 3; 

Fig. 5 is a fragmentary side view showing principal 
portions of the same intake manifold as seen in the 
direction of arrows V-V in Fig. 1 ; 
Fig. 6 Is an exploded view showing the principal 
portions of Fig. 5; 

Fig. 7 is a sectional view illustrating a method for 
attaching a branch pipe to the surge tank; 
Fig. 8 is a sectional view taken along lines VIII-VIII 
in Fig. 7; 

Fig. 9 is a sectional view showing the branch pipe 

connected to the surge tank; 

Fig. 10 illustrates another method for attaching the 

branch pipe to the surge tank; 

Fig. 1 1 is a sectional view showing a branch pipe 

attached to the common flange; 

Fig. 12 is an exploded view showing the portions of 

Fig. 11; 

Fig. 13 is a sectional view illustrating a method for 
attaching a branch pipe to the common flange; 
Fig. 14 is a view taken along lines XIV-XIV In Fig. 
13; 

Fig. 15 is a sectional view showing a state in which 
the branch pipe of Fig. 13 is inserted into the com- 
mon flange; and 

Fig. 1 6 is a sectional view showing the same branch 
pipe fixed to the common flange. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0021] Preferred embodiments of the present inven- 
tion will now be described below with reference to the 
accompanying drawings. 

[0022] Reference is first made to Fig. 1 illustrating a 
multi-cylinder internal combustion engine which incor- 
porates an inertia charge intake manifold in accordance 
with an embodiment of the present invention. In the 
illustrated embodiment, the engine generally repre- 
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sented by reference numeral 1 includes four cylinders 
A1 , A2. A3, A4 arranged in series along a crank shaft 
axis 1a. The bore axis of each cylinder may extend gen- 
erally vertically i.e., perpendicularly to the horizontal 
plane containing the crank shaft axis la. The engine 1 
further includes a cylinder head 2 having a correspond- 
ing number of intake ports 4, 5, 6, 7 each communicat- 
ing with a respective one of the cylinders A1-A4. Each 
of the intake ports 4-7 is outwardly open at one longitu- 
dinal side surface 3 of the cylinder head 2. 
[0023] The cylinder head 2 or the engine 1 as a whole 
is associated with an intake manifold 8 which mainly 
includes a surge tank 10 and four relatively long branch 
pipes 11, 12, 13. 14. In the illustrated embodiment, 
these four branch pipes are separately formed. Each of 
the branch pipes 11-14 is attached at one end (which 
may be called "upper end" below) to a common flange 
1 5 which, in turn, is fixed to the longitudinal side surface 
3 of the cylinder head 2 by bolts 16. In this way the 
branch pipes 11-14 are held in communication with the 
respective intake ports 4-7. As shown in Fig. 2, the 
upper ends of the respective branch pipes 11-14 are 
arranged to extend horizontally 

[0024] The surge tank 1 0. the branch pipes 11-14 and 
the common flange 15 may all be made of a hard ther- 
moplastic synthetic resin material such as polyamide 
resin (e.g. nylon). With the use of such a resin material, 
the overall weight of the intake manifold is made smaller 
than when a metal material is used. 
[0025] As shown in Figs. 1 and 2, the surge tank 10 of 
the intake manifold 8 enters partially under the cylinder 
head 2 at a portion between the two centrally located 
cylinders A2. A3 (the second and third cylinders). In 
other words, the cylinder head 2 partially overlaps the 
surge tank 10 horizontally As a result, the surge tank 10 
is arranged adjacent to the common flange 15, so that 
they are integrally connected. The surge tank 10 is pro- 
vided with an outer side surface extending in parallel to 
the common flange 15. 

[0026] The surge tank 10 is integrally formed with an 
intake pipe 9 which projects upwardly from the upper 
surface of the surge tank 10 at a position offset laterally 
outward from the center thereof. The upper end of the 
intake pipe 9 is removably connected to a throttle body 
17 (Fig. 2) which is internally provided with a throttle 
valve (not shown). 

[0027] On the other hand, the underside of the surge 
tank 10 is formed with four connecting portions 18. 19, 
20, 21 for connection to the respective branch pipes 1 1 - 
14 which are generally equal in length. As best shown in 
Fig. 2, each of the branch pipes 11-14 extends laterally 
from the longitudinal side surface 3 of the cylinder head 
2 over the surge tank 10, then is bent downward to 
extend at a side of the surge tank 10. then is bent 
inward to extend under the surge tank 10, and is finally 
bent upward to be connected at the other end (which 
may be called "lower end" beiow) to a respective one of 
the connecting portions 18-21 of the surge tank 10. 
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[0028] As shown in the plan view of Fig. 1 , the four 
connecting portions 18-21 at the underside of the surge 
tank 10 are located generally at the four corners of a 
square, rectangle or trapezoid, respectively The two 

5 connecting portions 19, 21 disposed closer to the 
engine 1 are respectively connected to the two branch 
pipes 12, 13 extending respectively from the second 
and third cylinders A2, A3 located at the central portion 
of the cylinder series, whereas the other two connecting 

10 portions 18, 20 disposed farther from the engine 1 are 
respectively connected to the other two branch pipes 
11, 14 extending respectively from the first and fourth 
cylinders A1 . A4 located at both ends of the cylinder 
series. 

15 [0029] In this way each of the relatively long branch 
pipes 11-14 for connecting a respective one of the 
intake ports 4-7 (or the cylinders A1 -A4) to a respective 
one of the connecting portions 18-21 of the surge tank 
10 is bent to substantially surround the surge tank 10 

20 which is disposed close to the longitudinal side surface 
3 of the cylinder head 2. Thus, compared with the previ- 
ously described prior art. the manifold 8 can be made 
much more compact. Specifically the horizontal dimen- 
sion L and the vertical dimension H shown in Fig. 2 can 

25 be made smaller. 

[0030] In the illustrated embodiment, the surge tank 
10 is arranged close to the engine 1 beyond the longitu- 
dinal side surface 3 of the cylinder head 2 in such a 
manner as to partially enter under the cylinder head 2 

30 by a predetermined amount. This structure additionally 
contributes to a size reduction of the manifold 8 com- 
bined with the engine 1 . 

[0031] Further, the four connecting portions 18-21 on 
the underside of the surge tank 1 0 are arranged respec- 

35 tively at the four corners of a square, rectangle or trape- 
zoid while the surge tank 10 itself is disposed at a 
central portion of the engine 1 along the longitudinal 
axis la of the crank shaft. As a result, the length of the 
surge tank 1 0 along the longitudinal axis 1 a of the crank 

40 shaft can be reduced. 

[0032] According to the illustrated embodiment, the 
two connecting portions 19, 21 disposed closer to the 
engine 1 are respectively connected to the two branch 
pipes 12, 13 extending respectively from the second 

45 and third cylinders A2, A3 located at the central portion 
of the cylinder series. More specifically, referring to Figs. 
5 and 6, the two branch pipes 12 and 13 are integrally 
formed at their upper ends with cylindrical engaging 
protrusions 12a and 13a, respectively These protru- 

50 sions 1 2a, 1 3a are to be fitted into connecting bores 1 5a 
formed in the common flange 15. 
[0033] At their lower ends, on the other hand, the 
branch pipes 12 and 13 are integrally formed with 
flanged portions 12b and 13b, respectively. These 

55 flanged portions 12b, 13b are to be fitted into receiving 
bores 19a and 21b of the respective connecting por- 
tions 19 and 21 of the surge tank 10. As seen in Figs. 5 
and 6, the central axes of the engaging protrusion 12a 
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(or 13a) and the flanged portion 12b (or 13b) extend 
perpendicularly to each other. 

[0034] As shown in Fig. 6. the distance Si between 
the center of the connecting bore 15a of the common 
flange 1 5 and the upper surface 23 of the receiving bore s 
19a (21a) of the surge tank 10 is made slightly larger 
than the distance S2 between the center of the engag- 
ing protrusion 12a (13a) and the upper surface 22 of the 
flanged portion 12b (13b). Thus, in the state where the 
branch pipe 12 (13) is attached to the common flange io 
15 and the surge tank 10. the latter two components 15 
and 10 can be held together without using an adhesive 
or any other fixing means. 

[0035] Similarly, the other two connecting portions 1 8. 
20 disposed farther from the engine 1 are respectively /5 
connected to the other two branch pipes 11.14 extend- 
ing respectively from the first and fourth cylinders A1 . 
A4 located at both ends of the cylinder series. More 
specifically, referring to Figs. 3 and 4. the two branch 
pipes 11 and 14 are integrally formed at their upper 20 
ends with cylindrical engaging protrusions 1 1 a and 1 4a. 
respectively. These protrusions 11a. 14a are to be fitted 
into connecting bores 15a formed in the common flange 
15. 

[0036] At their lower ends, on the other hand, the 25 
branch pipes 11 and 14 are integrally formed with 
flanged portions lib and 14b, respectively. These 
flanged portions lib. 14b are to be fitted into receiving 
bores 18a and 20b of the respective connecting por- 
tions 18 and 20 of the surge tank 10. As seen in Figs. 3 30 
and 4. the central axes of the engaging protrusion 11a 
(or 14a) and the flanged portion lib (or 14b) extend 
perpendicularly to each other. 

[0037] As shown in Fig. 4, the distance Si between 
the center of the connecting bore 1 5a of the common 35 
flange 15 and the upper surface 23 of the receiving bore 
18a (20a) of the surge tank 10 is made slightly larger 
than the distance S2 between the center of the engag- 
ing protrusion 11a (1 4a) and the upper surface 22 of the 
flanged portion lib (14b). Thus, in the state where the 40 
branch pipe 11 (14) is attached to the common flange 
15 and the surge tank 10. the latter two components 15 
and 10 can be held together without using an adhesive 
or any other fixing means. 

[0038] The connecting arrangement of the above 45 
embodiment is advantageous for the following reasons. 
[0039] For enabling inertia charge of an air-fuel mix- 
ture, all of the four branch pipes 11-14 must be substan- 
tially equal in length. Therefore, each of the branch 
pipes 11-14 needs to extend along a respective bent so 
path for meeting this requirement. Further, the two 
intake ports 5, 6 for the second and third cylinders A2, 
A3 are located closer to the surge tank 1 0 than the other 
two intake ports 4. 7 for the first and fourth cylinders A1 , 
A4. whereas the two connecting portions 19, 21 of the ss 
surge tank 10 are located closer to the engine 1 than the 
other two connecting portions 18, 20. 
[0040] On the above basis, it is hypothetically 


assumed that the two connecting portions 18. 20 dis- 
posed farther from the engine 1 are respectively con- 
nected to the two branch pipes 12, 13 extending 
respectively from the second and third cylinders A2, A3, 
whereas the other two connecting portions 19. 21 dis- 
posed closer to the engine 1 are respectively connected 
to the other two branch pipes 11,14 extending respec- 
tively from the first and fourth cylinders A1. A4. In this 
case, the downwardly extending portions of the two 
branch pipes 12, 13 shift laterally outward by as much 
as the two connecting portions 18, 20 are located far- 
ther from the engine 1 than the other two connecting 
portions 19, 21. As a result, the laterally projecting 
length L (see Fig. 1) of the downwardly extending por- 
tions of the two branch pipes 12, 13 becomes relatively 
large, thereby making the intake manifold 8 bulky. 
[0041 ] In reality, however, the two connecting portions 
19. 21 disposed closer to the engine 1 are connected to 
the two branch pipes 12. 13 extending from the second 
and third cylinders A2, A3, whereas the other two con- 
necting portions 1 8. 20 disposed farther from the engine 
1 are connected to the other two branch pipes 11. 14 
extending from the first and fourth cylinders A1, A4. 
Therefore, the downwardly extending portions of the 
two branch pipes 12, 13 shift laterally inward by as 
much as the two connecting portions 19, 21 are located 
closer to the engine 1 than the other two connecting 
portions 18, 20. As a result, the laterally projecting 
length L of the downwardly extending portions of the 
two branch pipes 12, 13 is relatively small, thereby real- 
izing compactness of the intake manifold 8 as a whole. 
[0042] On the other hand, due to the above-described 
connecting arrangement of the four branch pipes 11-14, 
each of the two branch pipes 11.14 extending from the 
first and fourth cylinders A1 , A4 must be bent to enter a 
limited space between the surge tank 10 and a respec- 
tive one of the other two branch pipes 12, 13 under the 
surge tank 10. 

[0043] Under this condition, the respective axes of the 
two connecting portions 19. 21 connected to the branch 
pipes 12, 13 are oriented vertically as shown in Figs. 1 
and 2, whereas the respective axes of the other two 
connecting portions 18, 20 connected to the branch 
pipes 11,14 are oriented obliquely at a suitable angle. 
In other words, the two connecting portions 18. 20 con- 
nected to the branch pipes 11, 14 are inclined to be 
directed away from each other. Such inclined orienta- 
tion of the connecting portions 1 8. 20 is desirable for the 
following reasons. 

[0044] It is now assumed that the respective axes of 
the two connecting portions 18, 20 connected to the 
branch pipes 11,14 are vertically oriented substantially 
in parallel to the respective axes of the two connecting 
portions 19. 21 connected to the branch pipes 12, 13. In 
this case, each of the two branch pipes 11,14 needs to 
be bent sharply with a small curvature near the surge 
tank 10 for entering into the limited space between the 
surge tank 10 and a respective one of the other two 
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branch pipes 12, 13. As a result, the flow resistance 
within the branch pipes 1 1 , 14 inevitably increases, con- 
sequently providing a hindrance to gas feed. Further, a 
sharp bend of these branch pipes 11.14 makes a man- 
ufacturing process difficult regardless of the fact that 5 
they are made of a resin. 

[0045] In reality, however, the two connecting portions 
18. 20 of the surge tank 10 are inclined at the predeter- 
mined angle to be directed away from each other for 
respective connection to the branch pipes 11, 14. io 
Therefore, each of the two branch pipes 1 1 , 14 does not 
need to be bent sharply for entering into the limited 
space between the surge tank 10 and a respective one 
of the other two branch pipes 12, 13. As a result, the 
flow resistance within the branch pipes 11. 14 may be 15 
kept relatively low. Further, these branch pipes 11, 14 
may be manufactured relatively easily. 
[0046] With respect to the flow resistance within the 
branch pipes 11-14, it should also be appreciated that 
these branch pipes are made of a hard resin. In this 20 
arrangement, the inner surface of each branch pipe is 
rendered smooth, whereby the flow resistance within 
the pipe is advantageously low. 

[0047] As previously described, the intake pipe 9 of 
the surge tank 1 0 is provided at a position offset laterally 25 
outward from the center of the surge tank 10 (see Figs. 
1 and 3). This offset arrangement of the intake pipe 9 is 
preferable for removably mounting the throttle body 17 
to the intake pipe 9 without interfering with the engine 1 . 
[0048] As can be seen from Fig. 2, the intake pipe 9 so 
may be preferably inclined or curved in such a way that 
its axis is directed toward the general center of the 
square, rectangle or trapezoid defined by the four con- 
necting portions 13-21 of the surge tank 10. Such an 
orientation of the intake pipe 9 is advantageous for 35 
evenly distributing the air-fuel mixture to the four branch 
pipes 11-14 while also reducing the flow resistance 
against the air-fuel mixture. If the intake pipe 9 is 
arranged offset laterally outward but is not inclined or 
curved in this way. the air-fuel mixture supplied through 40 
the intake pipe 9 is unevenly distributed with respect to 
the four branch pipes 11-14, and a smooth gas flow 
within the surge tank 10 is hindered to result in an 
increase of the flow resistance. 

[0049] Further, as also shown in Fig. 2, the intake pipe 45 
9 may be preferably flared toward the interior of the 
surge tank 10 to have a progressively increasing cross 
section. This flaring configuration of the intake pipe 9 
combined with the above-described orientation thereof 
is additionally advantageous for even distribution of the so 
air-fuel mixture with respect to the different branch 
pipes 11-14 and for a flow resistance reduction. 
[0050] The throttle body 1 7 (Fig. 2) is further provided 
with a conduit (not shown) for introducing blow-by gas 
from the cylinder head 2 of the engine 1 or purging air 55 
from a canister (not shown) at a position downstream 
from the non -illustrated throttle valve. 
[0051] Reference is now made to Figs. 7-10 for illus- 
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trating a method for connecting the lower ends of the 
respective branch pipes 11-14 to the connecting por- 
tions 18-21 of the surge tank 10. For the connecting pro- 
cedure, as will be described below, a heat-sealing 
method may conveniently be utilized. 
[0052] First, as shown in Fig. 7, the lower ends 11b- 
14b of the branch pipes 11-14 are formed into flat end 
surfaces 22 so that these flat end surfaces are perpen- 
dicular to the axial lines of the lower ends 1 1b-14b. Cor- 
respondingly, receiving bores 18a-21a are formed at the 
connecting portions 18-21 of the surge tank 10. Each of 
the receiving bores 18a-21a is provided with a connect- 
ing surface 23 and with a circular protruding portion 24. 
[0053] Then, a heating wire 25 is put in each of the 
receiving bores 18a-21a so that the wire passes around 
the protruding portion 24. Then, the heating wire 25 is 
held between the end surface 22 and the connecting 
surface 23, as shown in Figs. 7 and 8. With the heating 
wire 25 thus provided, the branch pipes 11-14 are 
pressed against the surge tank 10. In this state, a suita- 
ble voltage is applied across the heating wire 25 for gen- 
erating heat. 

[0054] The thus generated heat melts relevant parts 
of the end surface 22 and the connecting surface 23 
which are pressed toward each other. As a result, the 
end surface 22 and the connecting surface 23 will be 
fused together, leaving the heating wire 25 embedded in 
the these two surfaces 22 and 23. as shown In Fig. 9. 
[0055] In the above fusing process, melted resin Is 
advantageously prevented from flowing inward of the 
branch pipes 1 1 -14 due to the presence of the protrud- 
ing portion 24. Thus, after the branch pipes 11-14 are 
fixed to the surge tank 10. there will be no remnants of 
solidified resin material on the Inner surfaces of the 
branch pipes 11-14. 

[0056] Differing from the above method, use may be 
made of an adhesive for nonremovably connecting the 
branch pipes 1 1-14 to the common flange 15. 
[0057] In the illustrated embodiment, the protruding 
portions 24 are formed on the surge tank 10. Alterna- 
tively, those protrusions may be formed on the branch 
pipes 11-14, or on both the surge tank 10 and the 
branch pipes 11-14. 

[0058] As shown in Fig. 10. the surge tank 10 may 
additionally be provided with a sealing ring member 26 
located between the heating wire 25 and the protruding 
portion 24. The ring member 26, which may be made of 
an elastic soft material, is partially embedded in the 
surge tank 10, as illustrated. For fixing the branch pipes 
1 1 - 1 4 to the surge tank 1 0, the branch pipes 11-14 are 
pressed against the surge tank 10. while a predeter- 
mined voltage is being applied across the heating wire 
25. 

[0059] During the above procedure, the ring member 
26 is squeezed between the branch pipe and the surge 
tank 10. In this manner, unfavorable resin flow into the 
branch pipes 1 1-14 Is more reliably prevented. 
[0060] The heat-sealing method described above is 
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also applied for connecting the branch pipes 11-14 to 
the common flange 15. In this connection, reference is 
now made to Figs. 11-16. 

[0061] As previously stated, the upper ends of the 
branch pipes 1 1 -1 4 are formed with cylindrical engaging 5 
protrusions 1 la- 14a which are fitted into the connecting 
bores 15a of the common flange 15. As shown in Figs. 
1 1 and 12, the common flange 1 5 has a connecting sur- 
face 15b to be attached to the longitudinal side surface 
3 of the cylinder head 2. On the opposite side of the io 
connecting surface 1 5b, the common flange 1 5 has an 
obverse surface I5c. 

[0062] As best shown in Fig. 1 2. in the connecting sur- 
face 15b, the common flange 15 is formed with circular 
hollow portions 27 each of which is coaxial with a is 
respective one of the connecting bores 15a. As illus- 
trated in Figs. 1 1 and 12, a sealing member 28, which 
may be made of an elastic material such as rubber, is fit- 
ted into each hollow portion 27. The sealing member 28 
has an axia! dimension greater than that of the hollow 20 
portion 27. Thus, when fitted into the hollow portion 27, 
the tip of the sealing member 28 projects beyond the 
connecting surface 15b of the common flange 15 to a 
predetermined extent. With such an arrangement, when 
the common flange 1 5 is closely attached to the longitu- 25 
dina! side surface 3 of the cylinder head 2 with the bolts 
16 (see Fig. 1). the intake ports 4-7 communicating with 
the branch pipes 11-14 are more reliably sealed. 
[0063] Referring to Figs. 13-16, the branch pipes 1 1 - 
14 are fused to the common flange 15 in the following 30 
manner. 

[0064] As stated above, the branch pipes 1 1-14 are 
previously formed with cylindrical engaging protrusions 
11a-14a. Together with these protrusions 11a-14a. the 
respective branch pipes 11-14 are also formed with 35 
brims 1 1c- 14c which are integrally connected to the pro- 
trusions 11 a- 14a, respectively. As shown in Fig. 16. 
when the branch pipes 11-14 are properly attached to 
the common flange 15. the brims 11c-14c come into 
close contact with the obverse surface 1 5c of the com- 40 
mon flange 15. Such an arrangement is advantageous 
for enabling accurate positioning of the branch pipes 1 1 - 
14 with respect to the common flange 15. 
[0065] As shown in Fig. 13, before the branch pipes 
11-14 are Inserted into the connecting bores 15a of the 45 
common flange 1 5, heating wires 29 are arranged on 
the obverse surface 15c so that each heating wire 29 
surrounds a corresponding one of the connecting bores 
15a (see also Fig. 14). In other words, each heating wire 
29 is arranged circumferentially of the corresponding so 
one of the connecting bores 15a. With the heating wires 
29 thus disposed, the engaging protrusions 1 1a-14a of 
the branch pipes 11-14 are fitted into the connecting 
bores 15a. so that the heating wire 29 is adjacent to the 
boundary between the engaging protrusions 11a-14a ss 
and the brims 1 1c- 14c. as shown in Fig. 15. 
[0066] Then, while the branch pipes 11-14 are being 
pressed against the common flange 15, a suitable volt- 


age is applied across the respective heating wires 29 for 
generating heat. As a result, relevant parts of the 
branch pipes 11-14 and common flange 15 are melted 
and fused together, as shown in Fig. 16. 
[0067] In the above embodiment, the engaging protru- 
sions 1la-l4a are inserted into the connecting bores 
15a of the common flange 15. Thus, the branch pipes 
11-14 can be firmly connected to the common flange 
15. Further, since the heat sealing by using the heating 
wires 29 is performed outside of the engaging protru- 
sions 1 1a-14a, melted resin will not flow into the branch 
pipes 11-14. 

[0068] As described above, the branch pipes 11-14 
are advantageously attached to the common flange 15 
by heat-sealing. Alternatively, it is also possible to use 
an adhesive for nonremovably connecting the branch 
pipes 1 1 - 1 4 to the common flange 1 5. 
[0069] In the illustrated embodiment, the intake mani- 
fold 8 is connected to the cylinder head 2 of the four-cyl- 
inder internal combustion engine 1. However, the 
present invention is not limited to such an embodiment. 
[0070] For instance, the present invention may be 
applied to a three-cylinder internal combustion engine in 
which case the underside of a surge tank has three con- 
necting portions located at the respective corners of an 
equilateral triangle with one side extending in parallel to 
the longitudinal axis of the cylinder head, or to a six-cyl- 
inder internal combustion engine in which case the 
underside of a surge tank has six connecting portions 
located at the respective corners of an equilateral hexa- 
gon with one side extending in parallel to the longitudi- 
nal axis of the cylinder head. 

List of reference numerals 


[0071] 
1 

A1 
A2 
A3 
A4 
la 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
11a 
lib 
11c 
12 
12a 


engine 

cylinder 

cylinder 

cylinder 

cylinder 

crank shaft axis 

cylinder head 

longitudinal side surface 

intake port 

intake port 

intake port 

intake port 

intake manifold 

intake pipe 

surch tank 

branch pipe 

engaging protrusion 

flanged portion or lower end 

brim 

branch pipe 

cylindrical engaging profusion 
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12b 

flanged portion or lower end 


12c 

brim 


13 

branch pipe 


13a 

engaging protrusion 


13b 

flanged portion or lower end 

5 

13c 

brim 


14 

branch pipe 


14a 

engaging protrusion 


14b 

flanged portion or lower end 


14c 

brim 

10 

15 

common flange 


15a 

connecting bore 


15b 

connecting surface 


15c 

obverse surface 


16 

bolt 

15 

17 

throttle body 


18 

connecting portion 


18a 

receiving bore 


19 

connecting portion 


19a 

receiving bore 

20 

20 

connecting portion 


20a 

receiving bore 


20b 

receiving bore 


21 

connecting portion 


21a 

receiving bore 

25 

22 

upper or flat end surface 


23 

upper or connecting surface 


24 

circular protruding portion 


25 

heating wire 


26 

^pslinn rinn mpmhpr 

30 

27 

hollow portion 


28 

sealing member 


29 

heating wire 


Claims 


35 


1. An inertia charge intake manifold (8) in an internal 
combustion engine (1) having a plurality of cylin- 
ders (A1-A4), the intake manifold (8) comprising: 
elongated separate branch pipes (11-14) each cor- 4o 
responding to a respective one of the cylinders (A1 - 
A4); a common flange (15) for connecting a first 
end (11a-14a) of each branch pipe (11-14) to the 
internal combustion engine (1); and a surge tank 
(10) to which a second end (1 lb-14b) of said each 45 
branch pipe (1 1-14) is connected: characterised 

that the common flange (15), the surge tank 
(10) and said each branch pipe (11-14) are 
made of a hard thermoplastic synthetic resin, so 
the common flange (15) being integrally con- 
nected to the surge tank (10). 

2. The intake manifold according to claim 1, wherein 
the surge tank (10) has an external side surface, 55 
the common flange (15) being arranged to extend 
generally in parallel to the external side surface of 
the surge tank (10). 
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The intake manifold according to claim 1 or 2. 
wherein said each branch pipe (11-14) is bent so 
that the first end (1 1a-14a) is horizontally oriented 
and the second end (1 1b-14b) is upwardly oriented, 
the horizontally-oriented first end (11a-14a) being 
fitted into a connecting bore (15a) formed in the 
common flange (15), the upwardly oriented second 
end (11b-14b) being fitted into a receiving bore 
(18a-21a) formed in an underside surface of the 
surge tank (10). 

The intake manifold according to any one of claims 
1 to 3. wherein the first end (1 1a-14a) of said each 
branch pipe ( 1 1 -1 4) is integrally formed with a cylin- 
drical protrusion which is nonremovably fitted into a 
connecting bore (15a) formed in the common 
flange (15). the common flange (15) being provided 
with a connection surface (15b) attached to the 
internal combustion engine (1), the connection sur- 
face being provided with a circular hollow portion 
(27) extending around the cylindrical protrusion of 
said each branch pipe (11-14), the circular hollow 
portion (27) being arranged to accommodate a 
ring-shaped sealing member (28) in a manner such 
that the sealing member (28) partially projects 
beyond the connection surface (15b) of the com- 
mon flange (15). 

The intake manifold according to any one of claims 
1 to 4. wherein the first end (1 1a-14a) of said each 
branch pipe.(11-14) is provided with a brim (lie- 
14c) coming into contact with the common flange 
(15). 

A method of connecting an end (11b-14b) of a 
branch pipe (11-14) of an intake manifold (8) to 
another member (10) of the intake manifold (8). the 
branch pipe (11-14) and said another member (10) 
being made of a hard thermoplastic synthetic resin, 
characterised by comprising the steps of: 

providing the end (1 1b-14b) of the branch pipe 
(11-14) with a flat end surface (22) which is 
generally perpendicular to an axis of the end 
( 1 1 b- 1 4b) of the branch pipe (11-14); 
providing said another member (10) with a con- 
necting surface (23) for fixing the flat end sur- 
face (22); 

forming a ring-shaped protrusion (24) on at 
least one of the flat end surface (22) and the 
connecting surface (23); 
arranging a heating wire (25) around the ring- 
shaped protrusion (24); 

causing the flat end surface (22) and the con- 
necting surface (23) to be pressed against 
each other; and 

applying a voltage across the heating wire (25). 
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7. The method according to claim 6. further compris- 
ing the step of arranging a ring-shaped seal mem- 
ber (26) made of an elastic material between the 
ring-shaped protrusion (24) and the heating wire 
(25), wherein the voltage applying step is per- 5 
formed when the seal member (26) is pressed. 

8. A method of connecting an end (11 a- 14a) of a 
branch pipe (11-14) of an intake manifold (8) to 
another member (15) of the intake manifold (8), the 10 
branch pipe (11-14) and said another member (15) 
being made of a hard thermoplastic synthetic resin, 
characterised by comprising the steps of: 

providing said another member (15) with a con- 15 
necting bore (15a); 

providing the end (1 1a-14a) of the branch pipe 
(11-14) with a cylindrical protrusion to be 
inserted into the connecting bore (15a) and 
with a brim (1 1c-14c) integral with the cylindri- 20 
cal protrusion; 

arranging a heating wire (29) circumferentially 
of the connecting bore (15a); 
inserting the cylindrical protrusion into the con- 
necting bore (15a) so that the heating wire (29) 25 
is located adjacent to a boundary between the 
cylindrical protrusion and the brim (11c- 14c) of 
the branch pipe (11-14); 
causing the brim (1 1c- 14c) of the branch pipe 
(11-14) and said another member (15) to be 30 
pressed against each other; and 
applying a voltage across the heating wire (29). 
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FIG. 13 
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FIG. 16 
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